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Synthesis and Integration of Bvidence Linking
Exposure and Mealth Effects: Purpose

Systematic Literature Study Data Evidence Derive Toxicity
Seoping Review Protocol Inventory Evaluation Extraction Integration Values

Assessment
Developed

Assessment
Initiated

Seleot and Madel

[ Literature
Studies

i
Problem Search, Sereen
Formulation

Organize Evidence Analysis
Hazard Review and Synthesis

Refined
Evaluation Plan

Synthesis: To describe the types of information within each line of evidence

{herman, animal and mechanistic), and 1o analyze and present study resuls

regarding a given healh effect vo faclliate integration judgments,

® Decisions about the organization of the synthesis made prior to data
extraction

® Narratives, but not study by study summaries

® Highlight information that informs the hazard evaluation
Integration: To devslop udgments regarding strength of evidenes for a health
effect aoross Hnes of evidence

® A two-step process involving transparent and structured approaches for
drawing summary conclusions across lines of evidence &
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MAS 2014: Relevant Comments and
Recommendations

The NAS 2014 report discusses the complexities with organizing analyses
around mechanism, noting that, “The history of science is replete with

solid causal conclusions in advance of solid mechanistic understanding.”
(NRC, 2014, p. 90).

The current approach focuses first on the available human and animal studies on
health effacts, worporating mechanistic information at various sages of assesument
development to clarify identifled gaps in understanding {e.g., human relevance of
animalmaodel data),

“The risk-of-bias assessment of individual studies should be carried forward
and incorporated into the evaluation of evidence among data streams.”
(NAS 2014 Recommendation, Box 8-1)

* The results of the evahation of individual studies s o crivical component of the
current evidence synthesis processes and integration framewaorks.

66
L L

MAS 201 4: Relevant High Priority {Box
8-1) Recommendations

“EPA should continue to improve its evidence-integration process
incrementally and enhance the transparency of its process. It should either
maintain its current guided-expert-judgment process but make its application more
transparent or adopt a structured (or GRADE-like) process...the committee does not
offer a preference but suggests that EPA consider which approach best fits...”

“EPA should expand its ability to perform quantitative modeling of evidence
integration.”

> css, bt an
tegorical criveria for decisicr-maldng within that process are maore £

® The current approach continues to use & suided sxpert juskiment pro
sets of

defined.

The current frameworks, and documentation of decisions within thase frameworks,
enhance ransparency, reprodudbility, and comparabiliv
agsessments; these approaches are ey

58 henith effecs and
s oweithin NOCEA and across the feld,

)

7

Cuprent research acthides include quartivative roethods wo riegrate evidenoe across
streams {eag. Bayssian approaches: see Sessien 4)
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Synthesizing Evidence on Health
Effects - Organization and Structure

Some guestions about the evidence

®. What outcomes are relevant to each health hazard domain and at what level
(e.g., health effect or subgroupings) should synthesis occur?

What populations were studied (e.g., general population, occupations, life
stages, species, etc.) and do responses vary?

Can study results be described across varying exposure patterns, levels,
duration or intensity?

Are there differences in the confidence in study results for different
outcomes, populations, or exposure!

Does toxicokinetic information explain differences in responses across route
of exposure, other aspects of exposure, species, or life stages?

How might dose response relationships be presented (specific study results
or across study results)?

68
o g |
Saientific judgment in Analysis and
R
Assessment Assessment
Initiated ” Developed
® Synthesis of evidence is more than counting the number of “positive”
and “negative” studies
® Must systematically consider the influence of bias and sensitivity when
describing study results and synthesizing evidence
® Synthesis should primarily be based on studies of medium and high
confidence (when available)
® Analysis should try to draw conclusions about the strength of evidence
from findings across collections of studies
69
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O g
Synthesis Considerations for
- Determining Strength of Evidence
Epidemiology evidence Animal toxicology evidence
Study evaluation conclusions (risk of bias, sensitivity) are incorporated into analyses of
each of the following considerations (adapted Hill considerations):
ﬂ\are, but important to highlight
]T concerns about bias; smaller effect size  |out
. ¢ is not discounted outright
® i i — -
Informative human andw Timing of exposure relative to development
analyzed and synthesized separa™ of cutcomes is assessed during study
® Mechanistic evidence is synthesiz | 8valuation phase s
the-human and animal health effect concerns about chance 70
O g
Synthesis Examples: Epideminlopy
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RoC Monograph on Trichloroethylene January 2015 ius
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Synthesis Examples: Epidemiclogy
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Mechanistic Evidence

“Mechanistic data represent a wide variety of studies not intended to
identify an adverse outcome.” (NRC, 2014)
~ When evaluating mechanistic evidence, the scope is larger than “in vitro” data
- Mechanistic inventories collected at earlior stages may include:

+ In vivo (cellular, biochemical, molecular)

» In vitro or ex vivo (human or animal tissues or cells)

» Non-animal or non-mammalian alternative animal models

« Big data (‘omics or high-throughput assays)

» “Intervention” studies (pharmacologic, environmental, genetic)
“...there might be hundreds of in vitro and other mechanistic studies of a
given chemical...” (NRC, 201 4)

“For a given chemical, multiple mechanisms might be involved in a given
end point, and it might not be evident how different mechanisms interact
in different species to cause the adverse outcome.” (NRC, 2014)

74

Systermatic review of mechanistic
information requires a different approach

| B St

“When human data are nonexistent, are mixed, or consistently show no
association and an animal study finds a positive association, the
importance of mechanistic data is increased...” (NRC, 2014)

To narrow the scope of the analyses of machanistic Information, IRIS
applies an Herathve approach to identifying key mechanistie guestions at
various stages of the systematic review

® Problem formulation identifies predefined analyses (e.g., when a mutagenic MOA is
indicated)

* Literature inventory allows identification of studies on an organ system that human
and animal studies meeting the PECO criteria have not examined

® Human and animal evidence syntheses may flag impactful qualitative and quantitative
analyses

75
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Human and animal evidence syntheses
may Hag impactful mechanistic analyses

~ |dentify precursor events for apical toxicity endpoints

- [nform susceptibility (species, strain, or sex differences; at-risk populations or
lifestages)

- Inform human relevance of animal data (note: the level of analysis will vary
depending on the impact of the animal evidence)

~ Provide biological plausibility (i.e., to human or animal health effect data when
evidence is weak or critical uncertainties are identified)

- Establish mechanistic relationships (or lack thereof) across sets of potentially
related endpoints/outcomes to inform the consideration of coherence during
evidence integration

~ Aid extrapolation (high-to-low dose; short-to-long duration; route-to-route)

- Improve dose-response modeling and quantification of uncertainties

76

Mechanistic Analysis Focused on Specific

CQuestions
| S

Examples of when these analyses have been triggered in recent IRIS
Assessments:

® Benzo[a]pyrene (2017): The descriptor “carcinogenic to humans” was supported
by strong mechanistic evidence that established the biological plausibility of the
animal findings occurring in humans, despite lack of human exposure data
— Key precursors (BPDE-DNA adducts) were identified in humans exposed to PAH
mixtures that are specific to B[a]P, form mutational spectra unique to B[a]P, and are
associated with cancer in humans
® Dichloromethane (2011): The cancer risk estimate was specifically derived for a
susceptible subpopulation (GSTT 1 +/+) identified by the mechanistic evaluation
- Differing results in vivo were explainable by species and tissue differences in the
availability of GST
—~ PBPK modeling addressed the variability in this population

* Documentation and transparency is key for future mechanistic analyses

i
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Focused mechanistic evaluations

“Several criteria should be considered in assessing in vitro toxicology studies for

risk of bias and toxicologic relevance. Relevance should be determined in several
domains, including cell systems used, exposure concentrations, metabolic capacity, and the
relationship between a measured in vitro response and a clinically relevant outcome
measure. Few tools are available for assessing risk of bias in in vitro studies.
Because of the nascent status of this field, the committee can provide only
provisional recommendations for EPA to consider...EPA should carry out, support,
or encourage research on the development and evaluation of empirically based instruments
for assessing bias in...mechanistic studies.” (NRC, 2014)

? Priovitize studles of relevant endpoints and assochated assays by taxicologle
redevance {e.g., model systems; dose range; sensiivity and speciBiclty of assay}

# Comnduct individual study evaluations on the most impactful studies

FEPA s exploring the use of existing tools, wluding adapiations of RIS study
evaluation tools

¢ Organizations! ameworks {e.g., EPAs POA ramework using modified Ml
ronsiderations; visual AOP-Hhe constructs) are useful for organtaing and
docurmenting thess anslyses transparently to convey conclusions for evidence
intugration 78

Moving from Synthesis to Integration

Assessment
7 Developed

Assessment
Initiated

Problem
Farmulation

Qutputs of Evidence Synthesis

Results of Human Health Evidence Integration
Effect Study Synthesis \

Transparent and Structured
Results of Animal Health Processes for Drawing

Effect Study Synthesis Summary Conclusions
Across Lines of Evidence

Results of Synthesis of
Mechanistic Evidence

Informing the Human and
Animal Syntheses

79
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Evidence Integration Involves a
Sequential, Two-Step Process

? Evidence synthesis interpretations for each consideration relating to causality
are combined across lines of evidence using transparent, structured frameworks

Judge the Strength of the Evidence from the: Draw Overall Evidence Integration Conclusions based on:
*  Human Evidence Stream *  Combined Human and Animal Evidence Streams

¢ Animal Evidence Stream

Human health effect study synthesis conclusions for each
consideration are integrated in light of mechanistic
evidence in exposed humans or human cells (or other
human models)

The judgments regarding the strength of the human and
animal evidence streams are integrated in light of evidence
on the human relevance of the findings in animals,
susceptibility, and the coherence of the findings across
Characterize the Strength of the Evidence for an Effectin evidence streams.

Animals (Animal Evidence Stream Judgment)

Animal health effect study synthesis conclusions for each
consideration are integrated in light of mechanistic
evidence in exposed animals or animal cells (or other
relevant models)

80

Within-Stream (Human; Animal Stream)
Evidence Judgment Considerations

Human Evidence Stream I Animal Evidence Stream

-

Ay

e

i

* High or medium confidence studies provide stronger evidence within evaluations of each Hill consideration

Interpreting results considers biological as well as statistical significance, and findings across studies

Different studies or populations increase strength | « Different studies, species, or labs increase strength

Simple or complex (nonlinear) relationships provide stronger evidence

Dose-dependence that is expected, but missing, can weaken evidence (after considering the findings in the

context of other available studies and biological understanding)

Large or severe effects can increase strength; further consider imprecise findings (e.g., across studies)

Small changes don’t necessarily reduce evidence strength (consider variability, historical data, and bias)

Biologically related findings within an organ system, within or across studies, or across populations (e.g.,

sex) increases evidence strength (considering the temporal- and dose-dependence of the relationship)

An observed lack of expected changes reduces evidence strength

&

Informed by mechanistic evidence on the biological development of the health effect or toxicokinetic/
dynamic knowledge of the chemical or related chemicals

*

Mechanistic evidence in humans or animals of precursors or biomarkers of health effects, or of changes in
established biological pathways or a theoretical mode-of-action, can strensthen evidence

*

Lack of mechanistic understanding does not weaken evidence outright but it can if well-conducted
experiments exist and demonstrate that effects are unlikely

Light blue rows highlight mechanistic inferences;"temporality’” and “natural experiments’” not shown
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Step 1 Framework for Within.-Stream
Evidence Judgments

The Hill-based considerations are applied to judge the strength of the evidence
from human studies and, separately, the evidence for an effect in animals

Strongest Evidence Supporting an Effect

STRONGER EVIDENCE

Inadequate Evidence to Draw a Within-Stream Judgment

Strong Evidence for Lack of an Effect

82

Step L Framework for Overall
Evidence Integration Condl

sions

Strongest Conclusion for a Hurman Health Effect

Weakest Conclusion for a Human Health Effect

STRONGER CON

Inadequate Evidence to Draw a Conclusion

Strong Support for No Human Health Effect

83
83
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Step L Framework for Overall
Evidence Integration Conclusions
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Evidence Profile Table: Supports the
Evidence Integration NMarrative

the weight of evidence descriptions need to indicate the various determinants of weight... to be able to understand what elements (such as
consistency) were emphasized” [NRC, 2011]; “No matter what method is used to integrate the different kinds of evidence available for an IRIS
assessment, using a template for the evidence-integration narrative could help to make IRIS assessments more transparent.” [NRC, 2014]

Factors that
decrease strength

Factors that increase
strength

Studies and

interpretation Summary of findings

Within stream

evidence judgments

Inference across
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©Overali conclusion
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Evidence Integration Conclusions

® For Cancer, conclusions on the integrated evidence for each cancer type (or
grouping) are evaluated in the context of MOA information to develop an
evidence integration narrative that includes a descriptor for carcinogenicity:
- carcinogenic to humans; likely to be carcinogenic to humans; suggestive
evidence of carcinogenic potential; inadequate information to assess
carcinogenic potential; or not likely to be carcinogenic to humans

? For Moncancer Effects, frameworks for evaluating the integrated evidence have
been developed to add structure and transparency to the evidence integration
narrative(s), which include(s) the relevant exposure context.
= IRIS has not yet incorporated standardized descriptors for noncancer effects
= The NAS recommended incremental improvements in this area, including
recommendations to “Develop uniform language to describe strength of
evidence on noncancer effects” [p. 92, 2014]

= The specific way in which these conclusions are summarized is currently being
tested and discussed within EPA 86

(RIS has Addressed the Major
AS 2014 R dati

Evidence Evaluation

Individual studies are evaluated for reporting quality, risk of bias, and

(Chapter 5) sensitivity
*  Decisions and supporting rationale are clearly documented

*  Study evaluations impact subsequent assessment decisions

Evidence Integration Structured frameworks provide transparency in expert judgments

for Hazard across human, animal, and mechanistic studies (based on Hill)
Identification *  Standardized templates documenting key evidence integration
(Chapter 6) decisions have been developed (evidence profile tables)

See Posters and Demonstrations:

* Male reproductive toxicity in studies of phthalates (4 posters on a case study
for each of the 3 lines of evidence and the overall evidence integration)

* Combining data within species (poster on meta-analytical approaches)

* PBPK model evaluation for human health assessments (poster)

= Health Assessment Workspace Collaborative (demonstration) 87
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MAS 2014: Chapter 8 “Looking
Forward”

“TEPA] need to consider developing a strategic plan for continuous

updating of the IRIS methodology... For example, such a strategic
plan should address:

— Applying advances in data retrieval and text-mining

“The committee also found that the proposed format for the
assessments should enhance “user friendliness” and transparency.
The evidence tables and data displays in the new documents are
moving to the standard practice for systematic reviews.” [p. 136]
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Current Application of Systematic
Review Software

# Specialized software tools make the process more efficient
— Time and cost savings, improved data management, increased transparency

® NOT all systematic review software tools are intended to automate/semi-
automate the process, e.g., HAWC helps manage information content

— Currently, automation tools are most advanced for evidence identification

® Prefer free tools when possible to help address needs of a potentially large
community of users in environmental and biomedical sciences

* Incorporate tools after confirming acceptable performance and interoperability
with HERO

— A toolbox approach, not a“one and only” tool model

® Organized multiple IRIS staff training sessions in 2017 and created a support team
(“train the trainers” model)

90

Hesearch fctivities

* Developing tools to help automate beyond evidence identification is a long-term
research commitment
~ Major hurdle is lack of training/test sets for model development
~ Better performance expected for more structured content (e.g., animal
bioassay compared to epidemiological studies)
® Any progress on semi-automation could result in large time and cost savings

® In 2017, NCEA created an interagency agreement with NTP to leverage
resources

- Current activities focus on creating test/training sets and model development
for basic content of animal studies (e.g., test chemical, species, dose levels,
randomization, etc.).

— Other parts of EPA can also utilize interagency agreement

* Innovation challenges may be required to identify solutions for capturing complex
content, i.e., table content, information spread across multiple sentences and

91
| paragraphs .
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Suite of Systematic Review Software
Tools - Upcoming Demonstrations

HEALTH ASSESSMENT

HEARIBES NSIERY

WA,
FOREA AL

40 BN

92

LWQ%X&?&Q% LI ARDHATIVE

SYWIFT Review:

Scoping and Problem Formulation

Btips: fAwww scloms comiswiflreview/
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Increased Efficiency During
Scoping and Problern Formulation

ﬁ_‘:i{;?mf*

SEARCH REFINEMENT

PROBLEM
FORMULATION

Can be used to screen studies

TOPIC MODELING

: Built-in and user-defined search gueries allow :

LITERATURE
PRICRITIZATION

Machine learning prioritizes relevant literature,

94

“Tags” Facllitate Bearching During
Problem Formulation

SEARTH REFINEMENT

PROBLEM
FORMULATION

Mok Terms and Bibliographic Data: Documents originating from
PubMed bring along their associated Medline tag.stincluding_MeSH

WIFT-Review tags are labels assigned to bibliographic
documents that are organized into tag categories. For
example, the tag category "Health Outcomes” includes

he following tags:“Cancer,” ' Cardiovascular;” and
1 MMeuralogical” When used with the Tag Browser or
Search functionalities, tags facilitate increased efficiency

f relevance to snviranmental health researchers siich as the

nearly 10,000 Tox2 | chemicals

95—]
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“Tags” Facilitate Searching During
Problem Forrmudation

. ] e § @ £ NE Documents originating from
A,}é;g me PubMed bring along their associated Medline tags, including MeSH

Terrms, Publication Type, Pharmacological Actions, ete,

ARCH REFINCRMENT

& Rt innorporates several pre~defined search
filrers. These filters have been prepared by information solenmists
for various topics of relevance o environmental health sciergists.
Details o these filters ars documentad {click Help » Ssarch
Strategies)

PRODUER
F"F)RM§‘%{'ET§L'?N ical Nanes: Automatically tags dozuments that menton
g e i chemicals nocurring in several chemical lsts
of relevance o environmergal health researchers, such as the
nearly 10,000 Tox1{ chemicals
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Publication Year by Health Qutcome
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Automated Priority Ranking Reduces
Screening Burden

ﬁ_‘:i{;?mf*

TOPIC MODELING : e e
g Bt ’ Topic modeling is a statistical
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Priority Ranking Improves Literature
Screening Efficiency

@ E3

ey i

Chioroform
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SWIFT Active Screener Capabilities -
Improved Ranking Model

¢ Web-based, real-time, collaborative, systematic review software application

® State-of-the-art statistical models prioritize articles as they are being reviewed

? Experience suggests screening burden is reduced by at least 50% (likely more)

¢ Algorithm improves from screener-input without training “seeds” further
increasing efficiency (more efficient than implementing a “seed studies” only
model)

? Option to“seed” studies if relevant on/off topic literature has been identified
® Incorporates a graphical user interface to provide project status updates
¢ User-defined screening levels

— Level I:Title and Abstract
— Level 2: Full text screening
— Level 3: Conflict Resolution

108

Customize Inclusion/Exclusion Criteria
fccording to the PECO Statement

e

£t Review Q@ s B Hie
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Liser Input bmproves the Algorithm to
Priority Rank'While Screening

Screening References

8 & B8 & 6 . & & & &

“Beed” studies when Relevant On/OH Topic
Literature is Identified

Mansge Referen
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Manage Relerences with Conflict
Resolution - Track and Archive Changes

ftanage Ruferenves

ew Summary
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-
SWIFT Active: Data Integration
| I s 2 |
* Active Screener integrates with systematic review tools already in use:
— Accepts imports from bibliographic databases and reference curation platforms
including 3WIFT Review, EndMNote, Mendeley, Zotarg, and PubMed
— Results from screening in Active Screener can be exported in standard data
formats compatible with applications including HAWT and Excel, EndiNuote,
Mendeley, and Zotare
Current Users
ebte
114
L .|
r -1
HAWC: Study Evaluation, Extraction,
. Visualization and Data Bharing
b s
HEALTH ASSESSMENT
WORKEPACE COLLABDRATIVE
https:/fhaweproject.org/ '
115
L
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HAW Capabilities

# Free and open source
¢ Developed at UNC by Andy Shapiro* with Ivan Rusyn
? Literature search and initial screening

¢ Animal bioassay, epidemiological, and in vitro structured study methods/data
extraction and visualization

® Interactive “click to see more” graphics
¢ Risk of bias and sensitivity evaluation
? Modular to work with other tools and maximize flexibility for users

® Worles best in Google Chrome (preferred), Mozilla Firefox, and Safari

Heureent affiliation is National Institute of Environmental Health
Sciences/MNational Toxicology Program (NIEHS/INTR) ii6

HAWC: Summarizing Animal Bioassays

117
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Epidemiclogy: Click to See More Display

Yisualizing Epidemiology Evidence

Example from Chloroform

Popuistien Lpaign RN Curos

st Exprap

Rt GHOR”

Farsas ok
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Yisualizing Animal Evidence

Chiloroform Fetal S;agwémé

Yisualizing Animal Evidence

SBurvival

121
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Multiple Formats to Present Results

Chiloroform Fetal Smw%mé

2 B sofs s Tmd

angtane

i Animal data can be expressed
. as effect size, e.g., percent
¢ comrol

HAWC: Dose-Response Displays

bitrofen crossview

123
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_
HAWC: Dose-Response Displays
Mitrofen crossview
124
L o
= g2 |

HAWC: Download Reports

* Entire database for an
assessment can be downloaded
in Microsoft Excel exports

125
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HAWC Benchmark Dose Modeling

K, SN DRI Mo

ggeatend i HRANC for fRting
QrEsEanse models 1o antmal
Bioassey dua.

riiaticns ale
pedormed using BMDE chrdeat

ey cone ity

Advantages

Structured extraction to promote consistency and completeness
Free, open source and customizable

Enhance opportunities for database interpretability

Integration with automated data-extraction tools

Web-based to promote team collaboration

Ability to export data files promotes further analysis of findings and
quantification (in assessments or for methods development)

Creates possibilities for web-based, interactive reports

127
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RIS has Addressed the Major
£S5.20 !

Looking Forward » Specialized software tools for efficiency and more user friendly
and transparent formats for evidence display have been
adopted

» Strategic planning on use of text and data-mining tools and
automation

» Specialized tools facilitate transparent documentation,
consistency across assessments, and database interoperability

See Demonstrations:

*  SWIFT Review and SWIFT Active

¢ Health Assessment Workspace Collaborative
. Eeath F;?fects R_esea;h Online

| 128
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MHAS 2014: Three Migh Priority (Box 8-1)
Becomunendations on Quantification

* TOXICITY VALUES: “EPA should develop criteria for determining when evidence is sufficient
to derive toxicity values.”

- Owerall hazard conclusions inform decision whather to develop toxicity values.

- Batter dovumenting considerations on which studies ars warried forward 1o doss-rasponse

®* POINTS OF DEPARTURE (PODs): “EPA should clearly present two dose-response estimates: a
central estimate (such as a maximum likelihood estimate or a posterior mean) and a lower-
bound estimate for a POD from which a toxicity value is derived.”

- Central sstimates (PILEs) of BMDs provided In RIS assessments along with BMDLs,
— WY start to wee WHEHIPLS approach to characterize distrisations fn finad values

- Muoded averaging o characterize mode] uncertainty.

* QUANTITATIVE CAPABILITIES: “EPA should expand its ability to perform quantitative
modeling of evidence integration; in particular, it should develop the capacity to do Bayesian
modeling of chemical hazards. ... The Committee emphasizes that... IRIS assessments should not
be delayed while this capacity is being developed.”

-~ Mrta-anadysie of v and anbmal selies Increasing bazart dechions asd doseresponse.
— Bayesian methods ars belng explored to hielp characterize uncertainty.

= Mo approech rmethods and assays are invreasingly belng svaluated guantiatively,
130

Evidence Integration Conclusions Inform
~when to Develop Toxicity Yalues

Strongest conclusion for a human health effect |Yes.
(for cancer, a descriptor of Known)

Moderately strong conclusion for a human Yes.
health effect (for cancer, a descriptor of Likely)

Weakest conclusion for a human health effect | Determined by situation (e.g., may provide
(for cancer, a descriptor of Suggestive) values when useful for decision purpose and
the evidence includes a well-conducted study)

Inadequate information No, although bounding estimate from a study
that does not show positive results can be
derived where useful for decision purpose.

Strong support for no human health effect No.

131
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Daciston-Maldng for Sdvancing Studies

to Bevelop Toxicity Yalues

RIS has further clarified the considerations that inform the selection
of studies to estimate human doss-response relationships (next slide).

@

IRIS continues to find that this decision process is not reducible to a formula.

Expert judgment is essential for judging the relative merits of individual
studies and which studies support more integrative quantitative analyses (e.g.,
meta-analysis).

IRIS must often utilize studies with a range of attributes and levels of
reporting. For example, the available studies on many mission-critical
chemicals do not provide data on an individual subject basis.

For full transparency, IRIS continues to emphasize documentation of the
factors it weighed in emphasizing certain studies, or combinations of studies,
over others.

132

More Bxplicitly Defining the Attributes RIS Lses to
Evaliate Studies for Derbvation of Toxicity Values

studies are preferred), studies are assessed across several study attributes

Test species Human data are generally preferred to |Animals that respond most like humans are
eliminate interspecies extrapolation preferred. Outcomes associated with species
uncertainties {e.g., in toxicodynamics and known to show differences in sensitivity can
specific health outcomes). provide support with suitable qualification.

Human  |[Exposure [Studies involving typical human environmental exposure routes are preferred (e.g, oral,

relevance |route inhalation). A validated toxicokinetic model can be used to extrapolate across exposure routes.

of the Exposure [For chronic toxicity values, chronic or subchronic studies are preferred. Exceptions exist

EXPOSUre | duration (e.g., when a population or lifestage is more sensitive during a particular time window)

paradigm \Exposure [Exposures near the range of typical environmental human exposures are preferred.

levels Studies with a broad exposure range and muitiple exposure levels are preferred to
the extent that they can provide information about the shape of the exposure-response
relationship® and facilitate extrapolation to more relevant (generally lower) exposures.
Studies that yield risk estimates in the most susceptible groups are preferred.
Inclusion of design features in the analysis (e.g., matching procedures, blocking: covariates or

Susceptibility other procedures for statistical adjustment) that adequately address the relevant sources
of potential critical confounding for a given outcome are preferred. 120

BJS-EPA Benchmark Dose Technical Gudance (2012) i
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| 8 g |
IRES Aszessments Are Providing Central MLE
Estimates of BMDs Along with BMDLs
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Improvements in Characterizing
Uncertainty

1} Model Averaging: characterizing model uncertainty
»  Currently evaluating several methods

»  Approach for dichotomous data expected to undergo peer review in 2018

S
Pi(BMD|D) =S 7, Pr(BMD| M, D)

il

Poalesity Dlatribution of G BYD

D,

= f}?r{ BMD | INIBMD

Cateodafion of S B

136

Improvements in Characterizing

Uncertainty
| B e i d ST

2) Distributions and Central Estimates: characterizing uncertainty
in the human toxicity value

® WHO/IPCS guidance (IPCS, 2014)

® Risk-specific doses in terms of ranges,
explicitly described:

~ Effect magnitudes
~ Confidence levels

- Human population incidence rates.

*® A probabilistic approach to adjustments
from animal to human; a framework for
refining toxicity values.

Y

137
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Improvements in Characterizing
Uncertainty

WHO/IPCS Approath:

RIS intends to provide such calculations slong with traditional
Beference Yaluss:

» Confidence intervals on risk-specific doses

+ Central estimates

 Estimates of incidence as a function of dose

*  Use of appropriate probability math for uncertainty adjustments (instead of UFs)
to allow for a more probabilistic and scientific value for use in risk assessment

By characterizing ranges of risk-specific doses, this provides more than a
“conservative” estimate (it provides useful context by estimating the full distribution)

Target Humas e {3, ar ditferent Snoverage

(3] @i ki X Oy

B A i 1141 31 SR L P 413

s ) 186 smpfigid

138

Lse of Quantitative Modeling to
inform Evidence Integration

Meta-Analysis:

increasingly Being Used o Interpret Sets of Results across Similar
Populations

® Formal tools continue to be used to combine similar human epidemiology
studies to improve decisions about hazard and about slope of dose-response.

® These approaches have also been used to better understand animal data that
differ between studies of similar species and endpoints.

® As software tools and best practices become more common and easier to
apply to environmental health studies, IRIS intends to consider their use more
routinely.

Other examples: Libby Amphibole Asbestos (2014) and Trimethylbenzene analysis (Davis and
Kraft, 2017) — see poster session; Arsenic assessment (in process)

139
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Use of Quantitative Modeling to

Inform Evidence Integration
Bayesian Approaches:

Mors Freguent Use Scross Diffsrent Spplications, and Rassarch is Ongoing

® Characterizing Uncertainty
~ Bayesian approaches were used to characterize uncertainty in PBPK modeling and evaluate
inter-related model inputs (Perchlorate peer review, 2018).
~ Bayesian Analysis is compatible with the WHO/IPCS Approach for characterizing uncertainty

® Model Averaging
~ Bayesian approaches are being applied to individual BMD models, and then model averaging is
used to characterize uncertainty
¢ Meta-Analysis
- Bayesian meta-analysis is currently being used to evaluate arsenic epidemiology studies
¢ Bayesian Networks (exploratory ressarch Is currently undervway)
- Possess the potential to integrate across evidence streams and bridge data gaps, borrowing
strength from diverse data.
-~ Software and mathematics are currently available.

140

Future work to better meet Agency
neads for “benefits analysis™

Economics benefits analysis would ideally estimate incidence resulting
from different decision options.

® We have provided human dose response functions from some analyses based on
epidemiology data. (Evaluation of the Inhalation Carcinogenicity of Ethylene
Oxide, EPA, 2016).

IRIS is also evaluating analogous predictions from animal data that could
inform benefits analysis, including modifications of the IPCS approach.

141
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Sdvancing Application of Mew Approach
Methods (MAPM) and Data In HHRA

*  Over the past decade, several reports, books, resource documents, etc. have been
published regarding the use of New Approach Methods (NAM) across the human
health risk assessment paradigm (i.e., shifting the paradigm)

*  Numerous labs, centers, workgroups, and initiatives across federal, private, and
academic institutions have been formed to advance NAM

» EPA/ORD/NCEA, in conjunction with partners (e.g., NCCT, NTP) has been actively
engaged in the conceptualization and evaluation of NAM across a broad landscape of
HHRA applications

142

MAM Toolhox to Date

* Data-mining: ToxRefDDB-comprehensive collection and collation of extant
hazard and exposure data —(Martin st af, 2009, B Health Perspect 1172 392-35%)

* Chemoinformatics: structure-activity/read-across; QSAR —{Wanyg = af, 3112,

ot af. 2014, | Appl Toxicol 34: 787-794)

Regul Toxicol Pharroaco! 630 10-19: Cral

* High-Throughput (HT) Exposure modeling: ExpoCast —{Egeghy et 2. 2014,
Eryv Mealth Parspact. 1 24{638%97-702)

* HT Toxicokinetics: in vitro to in vivo (IVIVE) modeled dosimetry —{ambusgh

atal 305 Tox Bl 147 5567}

* Bioactivity: short-term animal; cell-free and/or cell-based HT assay data -
{fudsor et al, 2011 Cham Res Toxicol 24 451462 Dean et al 2017, Tox 3af 1571 385.9%)

* Adverse Outcome Pathway (AOP): expert-driven identification of signal

transduction pathways along the exposure to outcome continuum. —(Edwards et 3.
2316, § Pharmacol Bxp Ther, 356 n170-181)

143
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| g |
Chemuoinformatics
b s s s s |
Expert-driven Head-Sicross
‘y‘“ Chemm:y S < norE ™ Data-poor chemicals
i aL"d "og Py 0 ¢ Inferred/interpolated hazard
i o P ! ° Surrogate based POD and subsequent derivation of RiVs
)% mpogm;:y
xmw ;( \f 3 Candidate analog(s) IRIS-type chemicals
e, o e, o N
"‘“g' THIOAEL EDre Lmo’a" e Data-gap filling
&%@ . *  Augment WOE
N + Potential for reducing uncertainties
Category approach
4 Chermical Data-poor chemicals
reet RI ermiea * Data-gap filling
* Extrapolated hazard
* Less applicable for quantitative assessment currently
IRIS-type chemicals
+ Data-gap filling
*  Augment WOE
ADME = Absorption, Distribution, Metabolism, Elimination » Foundational member of category (i.e., anchor chem)
* Similarity in structure and physicochemical properties between a chem of concern and a population of analogs
*: Robustness of approach dependent on density of analogs populating a category
* Highly reliant on WOE supporting toxicity endpoints across category
* Presumes e Pathwayor-Made of Action:across category:members 144
i |

Bioactivity {e.g., transcriptomics)

X0

B ]

f R D

At

ot R B g

niona B

* Close relationship between genotype/phenotype across two different routes of exposure, rodent species, and
multiple target tissues
¢ Invitro!? Will need to optimize metabolism protocols; integrate IVIVE
... Dosg-Respunse Harvest
Data-poor chemicals A B R
* Evidence base for hazard 3
* Empirical dose-response based on pathway perturbations
* Reduce need for longer-term animal studies

IRIS-type chemicals
*  Augment WOE (e.g, MOA/AOP)

*  Opportunity to alert off-target effects
* Potential for reducing uncertainties

Erxmz«.:siami ik nataid heioivs e | 4%
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1 g
integrated Application to Risk
Assessment
RapidToy Dashbowrd
* Associated narrative can be modular based on fit-for-purpose
»  Systematic WOE always, but can be graded based on decision context
* Characterization of qualitative and quantitative uncertainties 146
r

IRIS has Addressed the Major MAS 2014
-, Recommendations

Evidence Integration

Developing and applying quantitative tools in support of evidence

for Hazard synthesis and integration, including meta-analytical approaches
Identification * Expanded development and use of more advanced quantitative
(Chapter 6) and methods in software tools, such as BMDS

Derivation of *  Developed more explicit criteria for deriving toxicity values, including
Toxicity Values the intent to derive quantitative toxicity values when IRIS reaches
(Chapter 7) one of the stronger evidence integration conclusions, as well more

specific criteria for the evaluation of individual studies

* Providing MLE estimates of BMDs, along with BMDLs

* Applying and exploring quantitative approaches to better characterize
uncertainty, including probabilistic and Bayesian approaches

Future Directions *  Quantitative assessment methods will be updated in a continuing,
(Chapter 8 “Lessons strategic fashion, including capacity building (e.g., training; evolving best
Learned” and practices) for current approaches including meta-analysis, probabilistic
“Looking Forward”) analyses, and Bayesian methods
L o
94
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E g
Training and Collaboration
R
* Held multiple training sessions for IRIS Program staff in 2017, ranging from
demos, seminars, to retreats. More to come in 2018...
* Developed support teams to provide teaching and assistance for systematic
review tasks and use of new software (“train the trainer” model)
® Active engagement in the EPA Systematic Review Communities of Practice
® Engagement with external stakeholders, other Agency offices, state and other
Agencies on systematic review methods and software training
— e.g., MOUs with NTF, NIOSH,ATSDR,WHO
— Interagency funding agreement with NIEHS/NTP for text-mining and software
tool development and evaluation
® Establishing several academic MOUs to promote hands on training on use of
systematic review in chemical assessments
149
L 2
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international Collaborations

7 Health e " Europe Health .
Canada CAMARAD g (RIVMSYRCLE, ;
e ] £ EFSA,SARAP) .-

T US Health
(NTP, EPA,

';\Guide{;Z /EVE;}?\‘
et EBT +

o

Cochrane
Collaboration/ ; o E
GRADE oA

150

(RIS has Addressed the Major

General Process |+ Quality management pipeline implemented

Issues » Program and project management processes implemented
(Chapter 2) * Frequent opportunities for stakeholder engagement
+ Draft IRIS Handbook of program SOPs is being reviewed within EPA

+ Re-occurring staff training and template 1APs and protocols
promote consistency and quality control

Problem * |APs allow early comment on problem formulation
Formulationand |+ More frequent Agency engagement facilitates scope refinement

Protocol * Assessment protocols describe methods and allow for iteration
Development
(Chapter 3)
Evidence » Consultation with information technologists and subject experts
Identification » Adopts current systematic review best practices, including use of
(Chapter 4) specialized tools
* Transparent documentation (e.g, literature flow diagrams) | 5 : |
-
96
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IRIS has Addressed the |
5

lajor

Integration for
Hazard

Evidence Individual studies are evaluated for reporting quality, risk of bias, and
Evaluation sensitivity
(Chapter 5) Decisions and supporting rationale are clearly documented
Study evaluations impact subsequent assessment decisions
Evidence Structured frameworks provide transparency in expert judgments

across human, animal, and mechanistic studies (based on Hill)
Standardized templates documenting key evidence integration

Identification decisions have been developed (evidence profile tables)
(Chapter 6) Developing and applying quantitative tools in support of evidence
synthesis and integration, including meta-analytical approaches
Expanded development and use of more advanced quantitative
methods in software tools, such as BMDS
L 152 |

IRIS has Addressed the Major NAS 2014
»Rammm@mﬁaﬁﬁm

Derivation of
Toxicity Values

(Chapter 7)

Developed more explicit criteria for deriving toxicity values,
including the intent to derive quantitative toxicity values when IRIS
reaches one of the stronger evidence integration conclusions, as
well more specific criteria for the evaluation of individual studies
Providing MLE estimates of BMDs, along with BMDLs

Applying and exploring quantitative approaches to better
characterize uncertainty, including probabilistic and Bayesian
approaches

153
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IHIS has Addressed the Major NAS 2014
Recommendations

Future Directions Processes being implemented include flexibility to incorporate evolving
(Chapter 8 methods in systematic review and risk assessment

“Lessons Learned” Increased collaboration with federal partners and international experts

and “Looking prevents duplication of effort and maintains cutting edge approaches

Forward”) ¢ Current research efforts and training serve to ensure that methods and
staff are able to adapt to changing scientific contexts and sources of
evidence, including new and emerging data types

* Specialized software tools for efficiency and more user friendly and
transparent formats for evidence display have been adopted

* Strategic planning on use of text and data-mining tools and automation

+ Specialized tools facilitate transparent documentation, consistency
across assessments, and database interoperability

*  Quantitative assessment methods will be updated in a continuing,
strategic fashion, including capacity building (e.g., training; evolving best
practices) for current approaches including meta-analysis, probabilistic
analyses, and Bayesian methods
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Appendix D

Posters by US Environmental Protection Agency

e D-1: New Approach Methods in Human Health Risk Assessment

e D-2: Combining Data within Species: Meta-analysis in IRIS

e D-3: Systematic Evaluations of Physiologically-Based Pharmacokinetic Models for Human Health
Risk Assessment

e D-4: Male Reproductive Toxicity in Animal Studies of Diisobutyl Phthalate (DIBO): A Case Study
Application of Systematic Review Approaches

¢ D-5: Male Reproductive Toxicity in Epidemiology Studies of Phthalates: A Case Study Application of
Systematic Review Approaches

e D-6: Quantitative Evaluation of Uncertainty: APROBA and Beyond

¢ D-7: Mode of Action and Human Relevance Evaluation of Dibutyl Phthalate (DBP)-Induced Male
Reproductive System Toxicity

e D-8: EPA Dose-Response & Related Software — New & Future Developments

e D-9: Evidence Profile Table for DIBP and Male Reproductive Toxicity

e D-10: A New Bayesian Approach to Combining Different Species Data
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Cuamtitative esscessment of unvertinty was recommendd by the MRS

# Sciznce and Decisions report (NRC. 2009} - recommended invorporating
probabil method 155CSS ] cortainty

it (NRC, 2044 - recommended systematic use
ond expardied use of Bayesing methods

ov of the IRAS Program repy

nroach to better understand issues in irsplemen: and
kekolders as to ad ges and chall jn utilizing

cengage in dialogue wit
this approach.

Goal: Probahilistically incorporate adjustments and uncartainty whan cxrapelating

doseeresponse resilis from animal data to the buman pogulation.

Reference values {RIVs) are generally calcutaied by dividinga

point of

Tuetors

RfV =

* et voives of Ubs are (1, 3, or 10,
s made quatitatively based v information

base, study

v

Beacision ot which vadue 10 v

avatlable lor the particular assessment {g.g. size of dat:
characteristios)

Refereniy Vatue defiaition dies not espl

<

v et incidenee, effoel size, or

confidence.

pecific dose intervals using

Proposed New Practice: Caleuinte ri
nrababitisticaily-defined versions of

@
B33 and U, using the concept of target

human sdose.

Target huwaw dose, HDy

& 113, = fhe Human Dosc atwhich a fr
shows an ¢

dered.

» Afrisk-specitic do:

Fxamples

S HD  humaa dese 5 which 1% of te ¢ e in Gver
weight of J0% or greater above background,

which there is an individual extza risk of lung tumors ol

¢ population.

{or more) in 1% ot d

HBDy' bs edoulated using the formula <ititar b R

H POD
HD,, S REAR i

sessment factor” is treated as a continuous random variatle: the

Each AT, or “as:

¥

emgirieat
distibution.

The views expres

e e s powe < s o e raher(e v o vt mecossarly represine s

heor

measurernents

M=5%

individuats

13t

praximate Probability Al
ababidistie REV fromn animual dafa,

mputes HD,,! und: sumpticn tat the POLY and AFs are independent
lognerme!ly dis
logue o a
5

Is (APROBA)Y is an kxcel-based too 10 cabeulate

ac can b derived for a
(€8 yof the HD,' distribution. The in
as well sie of a desived confidence (e.g., 95%) in the HI estin

> Was applicd by the Duteh Netionad 1n or Public Health and the
Enviionment (REVM) in nt risi ussessment on elani.

Drose-response data of absolute epididymis welght G adult rabs alley

chemical X by inhalabon:
Exposure (ppm) Wo. cf animals Mean (me) 5 {mg)
[ 25 03327 G.03631
06 25 0231 0.04453
50 28 03083 0.04188
50¢ 3 02912 005206
750 25 0.2405 0.04804

% Inpur on left entered by user
Tght are lower and upper conlidence tniis represeating he

estimated 59 und 5% pu il Fihe fognorms] distribuiion for the Al
3 ulated L

views o the poficies ofthe 18, Ewaramenial Prowecsicn Agency,

APRGBA output:

distribution.

g

f Lower, Medion, and Upper Incidencs Extimues

» Beveral ypes ol “eentral” estimates con be derived. such as the median or the

v

-

v

v

expected value, if assuming a fog-nermal distribution,

0.

antages of

Conduct o case study using APROBA 1o cvaluats the ad
inconpora ftatt ity 4 with this spproach.
Iivalusts the information and choloes nesded to produce the sstimates.

IPCS (Imermations: Programms en Chensical Safety), £2014), Guidance
cument on cvaluating and cxpressing uncertainty in hazard characterizatian.

World Heakth Organization.

Chiu, WA; Slab. W. (2013), A unified probabitistic irumework for dose

response assessment of himan heatth effects. Bnviron Healih Perspees ¢123)

pp 1241-1252

R

in drinking watcr, Advice tos Ministry of lafrestructure and Fnvironment

(Inspectorate of Gaviranment and Transport) RIVM.

cor
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Dribus! phthalate (BT31%) 45 used as a plasticizer in 2 varicty of commercial and consurer products (US
914: Kavlook et al, 2092, The targest e i humans is food. with inhak

and dermal exposwes onsidured minimal (Kovlock ot 2002y, Epidemiological swdics peovide

cvidonce of Irman cxposure and aitered androgen fevels during, hrich androgen production

and wxperinental studies vsing rat models have reported that exposare to DBE is associated with adverse
ses 1 the siale seproductive systens. LITts include uesteased aadrogen production, sgstiosis of
the male seprodustive d incidenos of inicroat wid cxtetrel nialbRboRs
p exposutes (¢ g of butes, hypospadias’, and Jevreased
Gerditity andl speste counts {CPIC, 20 16: Mabris of of 2015; US LPA, 2009, 1ividen st
i ts it voung animals atc mors sensitvs {o phitiadate-indiu £

ujury thn adults {Bockefheide et al 2004). However, receut studics msing ex-vivo fuiaa tssve culture
peepreations, vt yadent and b sstee senopcalls report i bitman Ttk
ptiun of testosleone production Gebnson ¢ al, 20
s velevance of

ofor

RINIA0
2; Albat aad dégnu, 26054)
wrisger-relited endpoims measiwed in

Sucls findings rase questions abour the l
experitosntal redents exposead o phinglates
sed 1o

Amade of ework w

vate the uvailuble evidenee Gon experimenlal and in-vito
asure. Sludioy comsideied For this niady iz inclode:

1o fifestige of ex

during the masculinization programming window (MEW . gestational period dutityg
which development of the male voprody systoln cecurs).

= Expasures du

g enrly postnutal

sten {IRIS). Sludiss for DBP or MBP
ex, Tooxline, and TSCATS2) using seuch
G in Suly 2007, Titisiabstract
s on e sepro
Types of nvive cud o

Tonwed 10 klentify 1]
etwiys (See figure 1helow}

= Costatisnal DEP cxpostire studics (hat ose mammading i-vivo and is vitzo moddls, and bunan
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15 vissne cutinros 1o DEHP or ifs

imir windose

Addidons] ax-vive studics thar expose iuman feral

aimed a characterizing,

ihe recepios for AP af a molcculas 1o

t-uatal DBP exposurs studics that ise mammatian inodel specics, including m-vive, xenogr:
and cell sulture mods

&l evidsnee wis ansty:

A in cancordance with the
fe af action Action analysi

¢ al 2008; Edwards et al 20161, As recommended
b : amcwork £ ssing fealth Risk of Environmental Iivposurcs 1 Chitdren and the
Wortd Health Organization Interiational Programme on Chemical Safity. the availabls mechanisti

0 used o
: Patways (Bobl

and

toxicole
fecis were sval

ical studies and endaoints that inform the mode of action for D
2d according 1o the tifssiae of exposure

tnduced male reproductive
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studies
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iawer
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et o
il

Figure 1, Abbreviated fiterature ffow disgram
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more sensiive
thun other rodent species, non-human primales, and buman fetal lesits xenogralis and ex-vive tssus sultures.

2. induced andzog s s the frons card (S & G0 are eonserved arnng moss

an modeds {rat: o) and binnun xe aft

Post-natal lijostage studdies using peripubertal ar sexisally mature animals:
coll elloets are conserved m differont mammalinn species:

mice, gorbile, and
seushunint prines [in-vive wind xenografts])

Pinduced cflects in (he seminiferous cord (SC & GU) are also conserved among most mammalian models
(rais, mice, and non-auman primale [acnogratl ).

Animal o,
xsnograt)

901

§Cs. G0

m Rat xenogeaft

PRl

o fuman xencoraf §3
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Key Event
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Benchmark dose
{BMDj raethod
praposed by Cramp
{1984
Accepted as default

by US BPA(2012)
Research and developraent continues 1 ensure
methods vsed in IRIES reflect stare-of-the-science, ¢.g.
BMS 2.7 adds derivation of BMI upper bound
eantidence Himit (BMDU) to all models (LISTPA 7017)

sian Model Averaging
FPANCEA and NIGS are developing Bayesian modeling averaging mothods to
address ity

L1

jor account for model uace:

Currenc meihods for simghe mdet sehection (i.e. AFC-bused seleetion have been

showr w0 b inadsquate (.., muthods do nt sehisve romiat soverage mtes)

Current method uses maximun & posteriori estimation and Laplace approsimati
w0 generale model weighis

"EMD  “Lowest BND
> !

¥

BMI
S0 A S 20141

Method ally

incorpora

ignment of model paramet:
¢ o othor prior informa

5 and modsl weights. allowing for

For exanple, o ends

nfrmation ua paction

it mode of setion nwy supnort

weighting son-tingsr modebs mose heavily than ear ones

M,

R
Pu(BMD| Dy= Y. x, PrBMD
1

Eaprion of ftar 930

Pr{BMD L INdBMD

ioas o hio B

D-8

+  Hybsid Apgroach — insicad of usi
cenwal tendeney. the hybrid approach estimates a
ge oi'o populntion

BME ssing ihe percentuge
in he tail of the disuibution

TJse of the hybrid approach for continuous data
harmonizes

hmark respenses benwean

continuous and dichetomons daa

Log-normatity vs. Nermality —
Shao und CHlt (21
that the distritution assumption
fias limited impact on the BMD
estimates when the within dose-
wroup varience i

13} deermined

MO definud using the by bricd

approg
distribution assumplicn

© more sensitive tw the

Categorical Regression
- Estimates the probahility that a response eccurs of & severity level, s, or greater

ven a conceniraion, €. wnd durdion of exposare, 1, as:

PLY 2 S10T) = Hidg + g =€+ Bag 7 1]

« CatReg allows for meta-apalysis of data fom muhiple sk

5, cadpoints, and test
A 2017; Milton eb al., 2017) 5 :

species (LIS

ftions
Hication of
ameters to account for response

s for within study ¢
and allows for the sirat

dilterences sirata of

PY 2 siC, T, Hiay +vi + frd % H{CY + fok x f2(D]
s=12...8 i=12.0 j=12..0 k=12 ¢

WK

CatReg incorporates hypathests testing t allow o deterroine the mest
appropriate form o7 the model (e, which variables should be stratified)

© Multiple phusting capabsilitios arc implemented in CatReg

» Ushaped dose-response analy sis sonld be added o Thture CatReg versions o
and deficicacy (Milton etal., 2017)

arc assessment of 1oxd

cta-uns]ysis dosc-response sethods tave beon proposcd (NRC,
) o better op makisng
nakysis tools that alfow for on of a multipic tvpes of
Estudios using Baye: statistics and hicrarehicat modeling have
sort s Ageney health assessments

heen developed 6 s

y Tool (MiST)
xced ool (MIS 1) based on

Marshall el al, (2613}
*+ Daia-Rich Case: Mixiures are similar

distance between relerence and
ixtore BMIDY iy fess than

1oe via
comparison al'mi proportions and
5 for gomponents of reference &

weight

candidaie miztires.

New and fature in dose-resp ing specificaily address multiple
recommendations provided by NRC (2014)
* “EPA should sse formal methods for combining mubiple studies and the derivation of
RIS toxicily values™
« Both CarRep and meta-anal
ncrease RIS meta-analytical capabi
Advanced analytic mothods, such us Bay
ESPONSE ASSUSSISNTS 4

gical data have been developed to

itities
ian methed int
o deriving oxicity ostimates we enderus

ing date Srem dose-
¢ inthe TS programm

* Bsyesian methads have recently been developed i wse in R essmants, inchiding

Bayesian model averaging and hieraschical Bayesian metl

“Uncertainty snalysis shouid be conducied sysimaticaily and coacrently in IRIS
ussessments

s stz bty conn ey e

5. Wepeciwsnapes g

Disciapwer. T

s poster are ih
dn nof azcezeari of

the wtioss avd
A
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Testosterone (adult)

= wanaremsor. (20141
Panetal, 2015
Low confidence

3

715,
forud et sl (?r' 5

wameal o b2y i
tuciise

MODFRA’F

0IBE expesure and

tucies (Weeker snd Fergusan ot
. 3, Chang et ai, 20181, 2 of which

vere staslically s:97ficant. No stcies examined

exposure mponse gradiant

Anogenita distance (AGD), semen

pribertst

@70

B
MODERATE

Based on data for testosterons i

actults, supposted by slight evidence

in other cutcomes with low sensitivity

and few available stud:as expisining

lack of clear associa!

Lmmaries

Relevance of animal data to

~Rols of ancrog fond -

Overav‘ carciusion that DIBP causes

independenst pathiways n male
reproductive system development,
maturation, and function is
sonserved across mammatian
species

Cross-streamn coherence
“Testosterons 1 reduoed with
phthaiate expesare in both humans.
and animals during different

« Based on high level of evidenca from animal studies ane inadequate

siages ae

Other refevant information

toxicity, based ar:

1) Robust evidence from oral
eXposur studies In rats and
mize, with sigrificant outcemes
in gestational axposure studies
atdosss as low as 300 mgfkg-

ay,

2) Moderaie svidence in luman
epidemiclogical studies of
decreased testosterone in aduit
men with median metabolite
concentratians i urine ranging
from 7-48 ng/mL. Evidence for
other cufcomes was from
populations with iow urine
metabolie concentrations, which
reduced study sensiivity; ard

3) Supporting mechanistic svidence

similar phthalate. provides rabust
mate reproductive
texicity tn hursans, lixely due fo
higher exsosure levels and a larger

testicwar atercidagenesis and
INSE-3

idience from animats i3 presumed
relevant to humans, Lower level of
evidence ir humans can be
sxpizined by low sensitivity and few
avsitable studies.

s from human and animal

| studies

exelyded.

in utero axpostre; Animal studies using &
single dose 25

0C mgkg day are

*Qutcomes with slignt or indeterminate svidence recaived

U

7Ry

Srwironmental My
ard

\\\\ S

R

e

S

S
-

T
.

2 fuli systematic review. but were not significant cantributors ta the overal conclusion, so the deta:is of the evidence are not proviced here.

R

iona Py Hfestages
o 4+ FufosUre-resporas grader: ROBUST 1
exposure e ROSUS ROBUST ceptibili
;3(:,;:‘;{201‘ ~ A clasaralated decraase in testeular ancimgen levels or - ) and SKUSJP"WIW
* roducton (up o -86% cemparec to control) was obssrved | 7 PF > ol N
e e 0 e " in 54 studios ' rafs and nice the evaluated this endpoie | CONSIENCE across outcomes. with  padicularly susceptible to
L?“;d;’“{ i ]8’202 3 ¢ Minimal fish of bias Several of these strlies also demonstrate decreased mechanistic evidencs (. perturbation by phthalates
vl;l:‘d?\:y:‘l,:n:;l o (ei\:ulal expression of genas and oreteins in the decrensed iesticular expression of
e i e hi proves steroidoganic enzymes and INSL-3)
al plausibiity
® providing support for biotogical «Evidence from DBP, 2
_ atest weight of
Maie moraholog.oal | High confideacs + Comsiancy wilin DED evidence came from gestational avidenss of
development alertart ot a1 9605 T recane e ROBUST exposure stucies. whersas posinatal
Saltaotais ot al. 2008 . piusibiiy ey o |ernosure studies were limiteg by
Sailtentait etal, 2017 3 | tis of bias. o increased risic of bias concerns. nurnber of studies
edim confidanco enthor. orgprorcndiem, nyoospadas. spasert o8
vy ares 201 and sleft prepuce, No effeors o1 AGD wore
anservad it mice (Wang et al. 2i17).
Sperm evaluation and | Figh confidence o Consstmncy DG
Galorfait et al. 2003 N ré;;; us-rosponse gradan: ROBUS |
¢ + Effectsiza ; y o
effects in testis or Boroi 4 2 R by Adverss eltects on e el onsiorsperinvere o beves
ictidyrris Wan - pan 2 mice, moinding 3 dose-relat
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Item |Chapter |Recommendations from 2014 NRC Report® Finding Evidence
1A |2 EPA needs to complete the changes in the IRIS process thatare | The 2014 report reviewed and encapsulated recommendations from Workshop presentations, posters, and
in response to the recommendations in the [2011]NRC the 2011 report, so the present committee focused its review on discussion
formaldehyde report. assessing progress made in implementing recommendations made by | Recent IRIS documents (such as
the 2014 report. plans, protocols, and assessments)
and tools.
1B |2 [EPA needs to] specifically complete documents, such as the The revised handbook was not provided to the committee. EPA staff | Slides 21-22
draft handbook, that provide detailed guidance for developing indicated that the handbook is under internal agency review and that | Systematic Review Protocol for
IRIS assessments. When those changes and the detailed its public release 1s expected in 2018. The agency further mdicated the IRIS Chloroform Assessment
guidance, such as the draft handbook, have been completed, there | that standard operating procedures might evolve as the IRIS program | (Inhalation)?
should be an independent and comprehensive review that gains additional experience in performing systematic review and using
evaluates how well EPA has implemented all the new guidance.  |emerging methods. The committee expects handbook revisions to be a
The present commuttee is completing its report while those continuing process, and EPA similarly characterizes the IRIS
revisions are still in progress. handbook as “evergreen.” The committee observed that guidance for
conducting newly planned IRIS assessments is contained in protocols,
and EPA stated that some material currently in protocols might reside
in the handbook. The amount of and need for overlap in the protocols
and handbook could not be judged without seeing the handbook.
2 2 EPA should provide a quality-management plan that includes IRIS management has taken multiple steps to ensure high-quality Slides 7-10, 151
clear methods for continuing assessments of the quality of the management, including the creation of expertise-specific work groups, | The GAO audit of the IRIS
process. The roles of the various internal entities mvolved in the | systematic-review work groups, and other intermediate structures to | program indicates that improvements
process, such as the CASTs, should be described. The improve the quality of the IRIS assessments. EPA has also used the in program management have
assessments should be used to improve the overall process and SAB Chemical Assessment Advisory Committee to review IRIS occurred (Slide 10)
the performance of EPA staff and contractors. assessments. Funding for contractors has decreased.
3 2 When extracting data for evidentiary tables, EPA should use at EPA uses two people to extract data and, when needed, involves a Slide 39
least two reviewers to assess each study independently for risk of |third person to resolve conflicts. EPA also uses two people to Systematic Review Protocol for
bias. The reliability of the independent coding should be complete the risk-of-bias evaluation. the IRIS Chloroform Assessment
calculated; if there 1s good agreement, multiple reviewers might (Inhalation) (p. 17, line 1; p. 30, lines
not be necessary. 18-20Y
4A |2 EPA should continue its efforts to develop clear and transparent | EPA has adopted the process of soliciting public comment early IRIS Web site
processes that allow external stakeholder input early in the IRIS  |through the release of assessment plans and protocols for public Slides 2425, 29
process. comment.
4B |2 [EPA] should develop communication and outreach tools that are | Although this recommendation was not discussed specifically with IRIS Web site

tailored to meet the needs of the various stakeholder groups. For
example, EPA might enhance its engagement with the scientific
community through interactions at professional-society meetings,
advertised workshops, and seminars. In contrast, greater use of
social media might help to improve communications with
environmental advocacy groups and the public.

EPA, the agency has worked in the past with the National Academies
to identity experts that could provide mput at IRIS workshops. The
IRIS Web site provides features for sharing information via social-
media tweets and Facebook. The calendar feature clearly indicates the
schedule for public engagement events on IRIS assessments. EPA
staff also discussed data- and tool-sharing with stakeholders to
increase understanding and accessibility of systematic-review
practices used to develop IRIS assessments.

Slide 15

(Continued)
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Continued

Item |Chapter |Recommendations from 2014 NRC Report® Finding Evidence

5 2 Similar to other EPA technical-assistance programs, EPA This recommendation was not discussed specifically with EPA.
should consider ways to provide technical assistance to under-
resourced stakeholders to help them to develop and provide
input to the IRIS program.

6 2 The stopping rules should be explicit and transparent, should | The issue of stopping rules was not specifically discussed, but the Systematic Review of Chloroprene
describe when and why the window for evidence inclusion IRIS program has completed a rapid review of chloroprene, and this | Studies Published Since 2010 IRIS
should be expanded, and should be sufficiently flexible to is consistent with this recommendation. Assessment’
accommodate truly pivotal studies. Such rules could be
included in the preamble.

7 2 Regarding promotion of efficiencies, EPA should continue to | EPA has made considerable progress in developing and upgrading | Workshop Demonstrations
expand its efforts to develop computer systems that facilitate | the Health and Environmental Research Online (HERO) database Slides 36, 92-116
storage and annotation of information relevant to the IRIS and the Health Assessment Workspace Collaborative (HAWC)
mission and to develop automated literature and screening computer system to facilitate storage and annotation of data. Those
procedures, sometimes referred to as text-mining. systems are not subject to third party control. EPA is also using

other software systems, including the Sciome Workbench for
Interactive computer-Facilitated Text-mining (SWIFT) and related
products for text-mining.

8 2 More details need to be provided on the recognition and EPA has developed guided expert judgment to synthesize evidence |Systematic Review Protocol for the
applications of expert judgment throughout the assessment- on the basis of modified Bradford Hill criteria and for integrating IRIS Chloroform Assessment
development process, especially in the later stages of the evidence across data streams. The agency has developed working (Inhalation)?
process. The points at which expert judgment is applied should | groups with expertise (such as PBPK) that can be applied to the
be identified, those applying the judgment should be listed, assessment process. The draft chloroform protocol identified some Slides &, 48, 6986
and consideration should be given to harmonizing the use of | situations when expert judgment will be used, including evaluation
expert judgment at various points in the process. of studies to identify characteristics that indicate how informative

the results are (p. 16, line 21) to perform outcome-specific study
evaluations (p. 16, line 24).

9 3 EPA should establish a transparent process for initially EPA has developed assessment plans that provide information about |IRIS Assessment Plan for Chloroform
identifying all putative adverse outcomes through a broad the scoping and problem formulation process. The plans are (Scoping and Problem Formulation
search of the literature. The agency should then develop a developed by using expert judgment and input from EPA regional | Materials)?
process that uses guided expert judgment to identify the offices and other stakeholders. Each assessment plan identifies the
specific adverse outcomes to be investigated, each of which specific aims of the systematic review and the PECO statement.
would then be subjected to systematic review of human,
animal, and in vitro or mechanistic data.

10 |3 For all literature searches, EPA should consult with an EPA staff indicated that they use an information specialist. EPA protocol provides the name of
information specialist who is trained in conducting systematic the HERO librarian (see chloroform
TeViews. protocol, page vii);” that person has an

MS in library and information science

11 |3 EPA should include protocols for all systematic reviews The IRIS program has developed draft systematic-review protocols |Systematic Review Protocol for
conducted for a specific IRIS assessment as appendixes to the | that are undergoing public comment before being made final. The  [the IRIS Chloroform Assessment
assessment. protocols contain many of the elements identified by the 2014 (Inhalation), Appendix A?
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report as meeting best practices defined by IOM. Furthermore, the
chloroprene reassessment included as appendixes the literature-
search strategy and approaches for evaluating risk of bias in
epidemiology and other human studies. The study objective, PECO
statement, and methods used to search and screen the literature and
evaluate studies were included in the main body of the report. That
approach is consistent with this recommendation.

The commiitee expects that some items found in the protocol can

be addressed in the handbook. Including the analysis plan in the
systematic-review protocols might lead to additional amendments

to the protocol that could be minimized if they used a separate
analysis plan.

Systematic Review of Chloroprene
Studies Published Since 2010 IRIS
Assessment’

12 The trajectory of change needs to be maintained. The IRIS program has been responsive to the recommendations Workshop presentations, posters, and
made in the 2014 report and is continuing the trajectory of change. | discussion
The changes appear to have accelerated with the recruitment of new | Recent IRIS documents (such as
NCEA and IRIS leadership. plans, protocols, and assessments) and
tools
13 The current process can be enhanced with more explicit EPA systematic-review protocols contain descriptions of how Systematic Review Protocol for the
documentation of methods. Protocols for IRIS assessments evidence will be identified, including relevant search terms and IRIS Chloroform Assessment
should include a section on evidence identification that is databases to be queried. The protocols also mclude descriptions of | (Inhalation), Table 2 (p. 9), p. 12,
written in collaboration with information specialists trained in | inclusion and exclusion criteria. Appendix A?
systematic reviews and that includes a search strategy for each
systematic-review question being addressed in the assessment. Systematic Review of Chloroprene
Speuﬁcgl]y, the protocols should provide a line-by-line Studies Published Since 2010 IRIS
description of the search strategy, the date of the search, and Assessment’
publication dates searched and, as noted in Chapter 3,
explicitly state the inclusion and exclusion criteria for studies.
14 Evidence identification should involve a predetermined search |EPA systematic-review protocols contain descriptions of how Systematic Review Protocol for the
of key sources, follow a search strategy based on empirical evidence will be identified, including relevant search terms and IRIS Chloroform Assessment
research, and be reported in a standardized way that allows databases to be queried. (Inhalation), Appendix A?
replication by others. The search strategies and sources should
be modified as needed on the basis of new evidence on best
practices. Contractors who perform the evidence identification
for the systematic review should adhere to the same standards
and provide evidence of experience and expertise in the field.
15 EPA should consider developing specific resources, such as This recommendation goes beyond the scope of the IRIS program | Systematic Review Protocol for the

registries, that could be used to identify and retrieve
information about toxicology studies reported outside the
literature accessible by electronic searching. In the medical
field, clinical-trial registries and US legislation that has
required studies to register in Clinical Trials.gov have been an
important step in ensuring that the total number of studies that
are undertaken is known.

and therefore was not addressed by the committee during its review.
Systematic-review protocols indicate that IRIS assessments include
only publicly accessible, peer-reviewed information, which should
be available through the databases identitied by the IRIS program.

IRIS Chloroform Assessment
(Inhalation) (p. 11, line 14)?

eri

(Continued)
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Continued

Item |Chapter | Recommendations from 2014 NRC Report® Finding Evidence

16 |4 EPA is encouraged to use at least two reviewers who work EPA uses two persons to screen studies. Screeners use a structured | Systematic Review Protocol for the
independently to screen and select studies, pending an form based on the PECO in DistillerSR. IRIS Chloroform Assessment
evaluation of validity and reliability that might indicate that (Inhalation) (p. 12, lines 11-16)”
multiple reviewers are not warranted. It is important that the Slide 39
reviewers use standardized procedures and forms.

17 |4 EPA should engage information specialists trained in The IRIS assessment team includes an information specialist. The Systematic Review Protocol for the
systematic reviews in the process of evidence identification, specific tasks completed by that person are not clear. It is hoped that |IRIS Chloroform Assessment
for example, by having an information specialist peer review | the handbook will clearly define the roles that the person has in the |(Inhalation)?
the proposed evidence-identification strategy in the protocol IRIS process.
for the systematic review.

18 |4 EPA should encourage and support research on reporting EPA is supporting and encouraging research through its Shides 79, 91, 149, 145, 150
biases and other methodologic topics relevant to the collaborative efforts described at the workshop. The committee
systematic-review process in toxicology. expects EPA research in this field to emerge as the IRIS program

continues to develop expertise in systematic-review method
development.

19 |4 EPA should continue to document and standardize its Appropriate tools and methods for evidence identification were Systematic Review Protocol for the
evidence-identification process by adopting (or adapting, described and are being used. IRIS Chloroform Assessment
where appropriate) the relevant IOM standards described in (Inhalation)”

Table 4-1. It 1s anticipated Fhat its effqﬂs ‘Will further Workshop presentations
strengthen the overall consistency, reliability, and
transparency of the evidence-identification process.

20A |5 To advance the development of tools for assessing risk of bias | The draft chloroform protocol describes the domains to be Systematic Review Protocol for the
in different types of studies (human, animal, and mechanistic) |considered in the evaluation of epidemiology studies and animal IRIS Chloroform Assessment
used i IRIS assessments, EPA should explicitly identify toxicity studies. Domain ratings and their descriptions have also (Inhalation) (Tables 5-6)
factors, in addition to those discussed in this chapter, that can | been provided. EPA also presented heat maps of risk-of-bias
lead to bias in animal studies—such as control for litter effects, |analyses for studies performed by the IRIS program. ” .
dosi Slides 53, 55

osing, and methods for exposure assessment-—so that these
factors are consistently evaluated for experimental studies.

20B |5 Likewise, EPA should consider a tool for assessing risk of bias | The 2014 report noted that few tools were available for assessing Slide 78
m in vitro studies. risk of bias in in vitro studies. Fully developed tools that meet the

needs of the IRIS program are not available. EPA is exploring
adaptations of existing tools for its purpose.

21A |5 When considering any method for evaluating individual EPA has adopted systematic-review methods that are transparent Systematic Review Protocol for the
studies, EPA should select a method that is transparent, and scientifically defensible. IRIS Chloroform Assessment
reproducible, and scientifically defensible. (Inhalation)”

Systematic Review of Chloroprene
Studies Published Since 2010 IRIS
Assessment®
Slides 50-63
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21B |5 Whenever possible, there should be empirical evidence that the | EPA is using and adapting risk-of-bias tools appropriately. Systematic Review Protocol for the
methodologic characteristics that are being assessed in the IRIS Chloroform Assessment
IRIS protocol have systematic effects on the direction or (Inhalation)”
magnitude of the outcome. The methodologic characteristics Systematic Review of Chloroprene
that are known to be associated with a risk of bias should be Studies Published Since 2010 IRIS
included in the assessment tool. Additional quality-assessment Assessment®
items relevant to a particular systematic-review question could Slides 52-63
also be included in the EPA assessment tool.

Posters D-4, D-5, D-9

22 |5 EPA should carry out, support, or encourage research on the EPA is supporting and encouraging research through its Slides 145, 149
development and evaluation of empirically based instruments | collaborative efforts described in the workshop.
for assessing bias in human, animal, and mechanistic studies
relevant to chemical-hazard identification. Specifically, there is
aneed to test existing animal-research assessment tools on
other animal models of chemical exposures to ensure their
relevance and generalizability to chemical-hazard
identification. Furthermore, EPA might consider pooling data
collected for IRIS assessment to determine whether, among
various contexts, candidate risk-of-bias items are associated
with overestimates or underestimates of effect.

23 |5 Although additional methodologic work might be needed to EPA has adapted existing risk-of-bias tools for its use. Draft Systematic Review Protocol for the
establish empirically supported criteria for animal or protocols descnibe the domains to be considered in the evaluation of |IRIS Chloroform Assessment
mechanistic studies, an IRIS assessment needs to include a epidemiology studies and animal toxicity studies. Domain ratings (Inhalation) (Tables 5 and 6)°
transparent evaluation of the risk of bias of studies used by and their descriptions have also been provided. EPA also presented
EPA as a primary source of data for the hazard assessment. heat maps of risk-of-bias analyses for studies performed by the IRIS Qlides 53. 78
EPA should specify the empirically based criteria it will use to | program. Tools have not been developed for mechanistic studies. ’
assess risk of bias for each type of study design in each type of
data stream.

24 |5 To maintain transparency. EPA should publish its risk-of-bias | EPA presented example heat maps of risk-of-bias analyses for Systematic Review of Chloroprene
assessments as part of its IRIS assessments. It could add tables |studies performed by the IRIS program. The heat maps have been | Studies Published Since 2010 IRIS
that describe the assessment of each risk-of-bias criterion for  |included in a recent assessment. Assessment (Figure 2)°
each study and provide a summary of the extent of the risk of
bias in the descriptions of each study in the evidence tables.

25 |5 EPA should develop terminology for potential sources of bias  |EPA has adapted existing risk-of-bias tools for its use. The draft Systematic Review Protocol for the

with definitions that can be applied during systematic reviews.

chloroform protocol describes the domains to be considered in the
evaluation of epidemiology studies and animal toxicity studies.
Reporting bias was not included as a domain for epidemiology
studies, and its omission is not consistent with standard systematic-
review methods for assessing risk of bias.

IRIS Chloroform Assessment
(Inhalation) (Tables 5-6)°

Slides 55, 57

(Continued)
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Continued
Item |Chapter |Recommendations from 2014 NRC Report® Finding Evidence
26 5 Funding sources should be considered in the risk-of-bias EPA documents funding source, but it is unclear how the data Workshop discussion
assessment conducted for systematic reviews that are part of an | are used.
IRIS assessments
27A |5 EPA should contact investigators to obtain missing information | Investigators are contacted on a case-by-case basis that depends Systematic Review Protocol for the
that is needed for the evaluation of risk of bias and other quality | partly on the expected effect of the missing data. IRIS systematic- |IRIS Chloroform Assessment
characteristics of included studies. review protocols also indicate that decisions are made on an (Inhalation) (Table 6 (p. 25); p. 18,
assessment-specific basis. If the information is not reported, it is line 41)®
generally not useful to reach out to the study authors. However, if
missing study details could change confidence in study conclusions,
efforts should be made to contact the study authors. Outreach to
study authors is documented and considered unsuccessful if
researchers do not respond to multiple e-mail or phone requests
within a reasonable period.
27B |5 The committee expects that, as happened in the clinical literature | This recommendation goes beyond the scope of the IRIS program
in which additional reporting standards for journals were and therefore was not addressed during this review.
implemented (Turmer et al. 2012), the reporting of toxicologic
research will eventually improve as risk-of-bias assessments are
incorporated into the IRIS program. However, a coordinated
approach by government agencies, researchers, publishers, and
professional societies will be needed to improve the
completeness and accuracy of reporting toxicology studies in the
near future.
28 5 The risk-of-bias assessment of individual studies should be The results of the evaluation of individual studies are a critical Slides 66, 54, 71-73, 81
carried forward and incorporated into the evaluation of evidence |component of the current evidence synthesis processes and
among data streams. integration frameworks. Risk of bias is one factor that EPA uses to
determine an overall study confidence rating for epidemiology and
animal toxicity studies. High- or medium-confidence studies are
favored for quantitative dose—response analysis.
29 6 EPA should continue to improve its evidence-integration process | The IRIS process continues to use a guided expert judgment Slides 67, 79-86
incrementally and enhance the transparency of its process. It process, but structured sets of categorical criteria for decision-
should either maintain its current guided-expert-judgment making within that process are more explicitly defined.
process but make its application more transparent or adopt a
structured (or GRADE-like) process for evaluating evidence and
rating recommendations along the lines that NTP has taken. If
EPA does move to a structured evidence-integration process, it
should combine resources with NTP to leverage the intellectual
resources and scientific experience in both organizations. The
committee does not offer a preference but suggests that EPA
consider which approach best fits its plans for the IRIS process.
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30 EPA should expand its ability to perform quantitative modeling | EPA illustrated its use of meta-analysis of human and animal studies | Slide 130
of evidence integration; in particular, it should develop the for evidence integration. Bayesian methods are being explored to Posters provided examples that show
capacity to do Bayesian modeling of chemical hazards. That help to characterize uncertainty and to combine evidence to identify |4, EPA uses new approach methods
technique could be helpful in modeling assumptions about the hazard. New methods and assays are increasingly being evaluated as part of a chemical assessment
relevance of a variety of animal models to each other and to quantitatively. process
humans, in incorporating mechanistic knowledge to model the
relevance of animal models to humans and the relevance of
human data for similar but distinct chemicals, and in providing a
general framework within which to update scientific knowledge
rationally as new data become available. The committee
emphasizes that the capacity for quantitative modeling should be
developed in parallel with improvements in existing IRIS
evidence-integration procedures and that IRIS assessments
should not be delayed while this capacity is being developed.
31 EPA should develop templates for structured narrative The 2017 Toxicological Profile for Benzo[apyrene shows well- Slides 80-86
justifications of the evidence-integration process and conclusion. |developed evidence tables that support the structured narrative and  |3017 [RIS Toxicological Profile for
The premises and structure of the argument for or against a conclusion regarding carcinogenicity. For other effects, the evidence Benzo[a]pyrene?
chemical’s posing a hazard should be made as explicit as is described as ranging from “strongest evidence for human ' S ]
possible, should be connected explicitly to evidence tables hazards” to “less robust evidence.” Workshop discussion and the Syster:latlc Review Protocol for the
produced in previous stages of the IRIS process, and should chloroform protocol show progress in template development. EPA IRIS (,hAlorobform Assessment
consider all lines of evidence (human, animal, and mechanistic) | staff stated that the approach to standardization of hazard descriptors (Inhalation)
used to reach major conclusions. for noncancer etfects is being tested and discussed in the agency.
32 Guidelines for evidence integration for cancer and noncancer end | Although EPA has not developed these guidelines, the issue goes
points should be more uniform. beyond the IRIS program with respect to agency procedures.
However, the IRIS program has developed frameworks for evidence
integration and is testing and discussing how conclusions should be
summarized.
33 EPA should develop criteria for determining when evidence is Progress has been made. Quantitative toxicity values are restricted | Systematic Review of Chloroprene

sufficient to derive toxicity values. One approach would be to
restrict formal dose-response assessments to when a standard
descriptor characterizes the level of confidence as medium or
high (as in the case of noncancer end points) or as “carcinogenic
to humans” or “likely to be carcinogenic to humans” for
carcinogenic compounds. Another approach, if EPA adopts
probabilistic hazard classification, is to conduct formal dose-
response assessments only when the posterior probability that a
human hazard exists exceeds a predetermined threshold, such as
50% (more likely than not likely that the hazard exists).

to studies with strongest conclusions for a human health etfect (for
cancer, a descriptor of Known) or a moderately strong conclusion
for a human health effect (for cancer, a descriptor of Likely). Criteria
are not provided for inclusion of studies that are considered on a
case-by-case basis when a weaker conclusion regarding a human
health etfect (for cancer, a descriptor of Suggestive) is reached. IRIS
has not produced final descriptors for noncancer effects and
mechanistic studies other than review and application of PK/PBPK
models.

Studies Published Since 2010 IRIS
Assessment®

2017 IRIS Toxicological Profile for
Benzol[a]pyrene’
Slides 131-133

(Continued)
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Continued

Item |Chapter |Recommendations from 2014 NRC Report® Finding Evidence
34 7 EPA should continue its shift toward the use of multiple studies | Progress has been made toward using multiple studies or end Shides 62, 130-135, 142-146
rather than single studies for dose-response assessment but with | points and comparing multiple candidate toxicity values. IRIS
increased attention to risk of bias, study quality and relevance in | assessments provide one or more candidate toxicity values for | . . .
assessing human dose-response relationships. For that purpose,  |use by risk managers. The IRIS program considers the quality of 2012 IRIS Toxwolo%lcal Review of
EPA will need to develop a clear set of criteria for judging the studies when deciding which studies will be advanced for Tetrachloroethylene
relative merits of individual mechanistic, animal, and quantitative dose—response modeling; studies rated as having
epidemiologic studies for estimating human dose-response medium or high confidence will be advanced for dose—response Workshop demonstrations of HAWC
relationships. considerations. Other study attributes—such as relevance of a and SWIFT
species to humans, relevance of an exposure route, and
susceptibility—might also be considered.
EPA is developing new tools for making and visualizing
comparisons.
EPA recognizes that there is no one-size-fits-all sets of criteria
for inclusion of mechanistic studies, but the criteria for
evaluating PK/PBPK models and how they are applied in dose—
response and toxicity-value determinations are a good start.
35 7 EPA should use formal methods for combining multiple studies | IRIS has begun to develop and apply tools in response to this Slide 140
and the derivation o_f IRIS toxicity values with an emphasis on a recomn_lendation. EPA presented two demonstrations for meta- |40 studies provided for alternative
transparent and replicable process. regression and Bayesian approaches that showcase the agency | gose estimates (posters D-2, D-10)
efforts. EPA has not presented criteria for when and how new
tools should be used. Tool development and application will be
a continuing process that requires sustained resources and
continued capacity-building.
36 7 EPA should clearly present two dose-response estimates: a EPA indicated that this approach is now standard procedure. Slides 134, 135; posters
central estimate (such as a maximum likelihood estimate or a Several examples were presented that show comparisons
posterior mean) and a lower-bound estimate for a POD from between BMDs and BMDLs and demonstrate how key studies
which a toxicity value is derived. The lower bound becomes an | compare with other supporting studies
upper bound for a cancer slope factor but remains a lower bound
for a reference value.
37 7 As the IRIS program evolves, EPA should develop and expand | Demos show the beginning stage of IRIS efforts on applications |Case studies (Poster D-10)

its use of Bayesian or other formal quantitative methods in data
integration for dose-response assessment and derivation of
toxicity values.

of Bayesian methods.

EPA has not yet developed criteria for when and how new tools
should be used.

New research is under way to address New Approach Methods,
such as data-mining, cheminformatics, high-throughput
exposure modeling and toxicokinetics, and visualization tools.

Slides 136, 139, 140, 143-146
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38 |7 Uncertainty analysis should be conducted systematically and | Efforts are beginning with development of model-averaging Cooper et al. (2016)¢
coherently in IRIS assessments. To that end, EPA should approaches and adoption of WHO/PCS guidance for reporting Slides 137. 138

develop IRIS-specific guidelines to frame uncertainty analysis | toxicity values and their uncertainty.
and uncertainty communication. Moreover, uncertainty
analysis should become an integral component of the IRIS
process.

. . Case studies (Poster D-9)
IRIS specific guidance has yet to be developed because tools and

approaches remain under development.
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